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(54) Method of manufacturing methanol 

(57) A raw material gas containing hydrocarbon as 
a main component is supplied together with steam to a 
reformer (20) through a moistening device (10) to form 
a synthetic gas containing hydrogen, carbon monoxide 
and carbon dioxide as main components by the reaction 
between the hydrocarbon contained in the raw material 
gas and the steam. In forming the synthetic gas, carbon 
dioxide is supplied to at least one fluid passageway se- 
lected from the group consisting of the fluid passageway 
(30 6 ) positioned upstream of the moistening device (10) 



and the fluid passageway (30^ interposed between the 
moistening device (10) and the reformer (20). As a re- 
sult, the excess hydrogen contained in the gas formed 
in the reformer (20) is effectively utilized without bringing 
about deactivation of the methanol synthesizing catalyst 
in the methanol synthesizing step. Also, carbon dioxide 
is effectively utilized to decrease the amount of carbon 
dioxide discharged to the outside of the system. Further, 
it is possible to decrease the amount of steam supplied 
to the reformer (20). 
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Description 

[0001] The present invention relates to a method of 
manufacturing methanol, particularly, to a method of 
manufacturing methanol in which carbon dioxide is uti- 
lized for increasing the methanol yield. 
[0002] Japanese Patent Disclosure (Kokai) No. 
1-180841 discloses a method of manufacturing metha- 
nol (CH 3 OH) from hydrocarbons such as natural gas by 
the processes described below: 

(Synthetic Gas-Forming Process) 

[0003] In the first step, a synthetic gas containing as 
main components hydrogen (H 2 ), carbon monoxide 
(CO) and carbon dioxide (C0 2 ) is formed in a reformer 
by the reaction between a natural gaseous hydrocarbon 
or a gaseous hydrocarbon evaporated from a liquid hy- 
drocarbon and steam at a predetermined temperature 
in the presence of a nickel-based catalyst. 
[0004] Steam is added to the hydrocarbon from a 
moistening device arranged upstream of the reformer, 
followed by supplying a superheated steam prepared in 
a boiler or the like to the hydrocarbon so as to introduce 
a gaseous mixture containing hydrocarbon and steam 
into the reformer. 

[0005] Since the steam reforming reaction noted 
above is an endothermic reaction accompanied by a 
large amount of reaction heat, the reformer is heated 
from the outside in the process of forming the synthetic 
gas. 

(Crude Methanol Synthetic Process) 

[0006] A crude methanol is synthesized by the reac- 
tion among the synthetic gas, carbon monoxide and hy- 
drogen or among the synthetic gas, carbon dioxide and 
hydrogen at a predetermined pressure and temperature 
in the presence of a methanol synthesizing catalyst to 
synthesize a crude methanol. 

(Distilling Process) 

[0007] The liquid crude methanol recovered in the 
methanol synthesizing process is distilled in a single or 
a plurality of distillation columns so as to separate the 
crude methanol into a waste liquid material and a refined 
methanol, said waste liquid material containing organic 
compounds having melting points lower than that of 
methanol (hereinafter referred to as "low boiling point 
organic compound"), organic acids and organic com- 
pounds having boiling points higher than that of metha- 
nol (hereinafter referred to as "high boiling point organic 
compound"). 

[0008] Methanol is manufactured via the processes 
described above. 

[0009] In recent years, it is of high importance to sup- 
press the amount of carbon dioxide discharged from a 



plant as a measure against warming of the earth. 
[0010] In a plant for manufacturing methanol trom hy- 
drocarbon such as natural gas, the heat required for the 
endothermic reaction between carbon monoxide and 

5 hydrogen is supplied to the reformer by heating the re- 
action tube loaded with a steam reforming catalyst with 
a combustion gas. Also, a boiler for steam generation is 
used for replenishing a required amount of a high pres- 
sure steam consumed in the plant. Naturally, a large 

10 amount of carbon dioxide is contained in the combustion 
waste gas of the reformer and the boiler for the steam 
generation. It follows that the plant tends to be rendered 
disadvantageous in economy where a tax and regula- 
tion for the carbon dioxide discharge are started in f u- 

is ture. 

[0011] On the other hand, in the method of manufac- 
turing methanol Irom natural gas, the hydrogen concen- 
tration in the synthetic gas formed by the steam reform- 
ing reaction is about 1.5 times as high as that required 

20 for synthesizing methanol by the reaction of hydrogen 
with carbon monoxide and carbon dioxide contained in 
the synthetic gas. Therefore, in the process of synthe- 
sizing methanol, the unreacted gas separated Irom the 
synthesized methanol is recycled to the synthesizing re- 

25 actor in order to improve the reaction efficiency within 
the synthesizing reactor, and the unreacted gas is partly 
released to the outside of the system to release the ex- 
cess hydrogen. Also, the recycling amount of the unre- 
acted gas is set at a value which permits moderating the 

30 heat generation rate during reaction in the catalyst layer 
loaded in the synthesizing reactor. 
[0012] Under the circumstances, the idea of supplying 
carbon dioxide to a fluid passageway through which a 
synthetic gas formed in a reformer is supplied to the 

35 methanol synthesizing reactor is shown in FIG. 5 of "IN- 
CREASED PRODUCTION FROM EXISTING METHA- 
NOL PLANTS BY A. English, I.A. Forbes, M.N. Islam, 
J.D. Korchank PRESENTED TO: WORLD METHANOL 
CONFERENCE DECEMBER 2-4, 1991 HYATT RE- 

40 GENCY HOTEL VANCOUVER, BC, CANADA, pp. 
1-12". 

[0013] However, if a synthetic gas containing a large 
amount of carbon dioxide is supplied to the reactor in 
the crude methanol synthesizing step, the activity of the 
45 methanol synthesizing catalyst loaded in the reactor 
tends to be lowered. 

[0014] An object of the present invention is to provide 
a methanol manufacturing method capable of effectively 
utilizing an excess hydrogen in the mixed gas formed in 

50 the reformer to increase the methanol yield without 
bringing about reduction in the activity of the methanol 
synthesizing catalyst in the methanol synthesizing step, 
capable of effectively utilizing carbon dioxide so as to 
decrease the discharged amount of carbon dioxide, and 

55 also capable of decreasing the amount of steam sup- 
plied from outside into the reformer. 
[0015] Another object is to provide a methanol man- 
ufacturing method capable of effectively utilizing the un- 
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reacted gas in the methanol synthesizing step so as to 
increase the methanol yield, and also capable of effec- 
tively utilizing carbon dioxide so as to decrease the dis- 
charged amount of carbon dioxide. 
[0016] According to a first aspect of the present inven- 
tion, there is provided a method of manufacturing meth- 
anol, comprising the steps of: 

supplying a raw material gas containing hydrocar- 
bon as a main component and steam into a reform- 
er, the raw materia! gas being supplied into the re- 
former through a moistening device, to carry out re- 
action between the hydrocarbon and steam to form 
a synthetic gas containing as main components hy- 
drogen, carbon monoxide, and carbon dioxide; 
performing reaction of the synthetic gas in the pres- 
ence of a methanol synthesizing catalyst to synthe- 
size a crude methanol; and 

distilling a liquid crude methanol recovered in the 
synthesizing process to separate the crude metha- 
nol into a waste liquid material and a refined meth- 
anol, the waste liquid material containing low boiling 
point organic compounds and high boiling point or- 
ganic compounds, 

wherein carbon dioxide is supplied to at least one 
fluid passageway selected from the group consist- 
ing of a fluid passageway positioned upstream of 
the moistening device and another fluid passage- 
way interposed between the moistening device and 
the reformer. 

[0017] In the methanol manufacturing method of the 
present invention, it is possible for the moistening device 
to include a first stage moistening device and a second 
stage moistening device arranged downstream of the 
first stage moistening device and upstream of the re- 
former such that hydrocarbon and carbon dioxide are 
supplied to a fluid passageway positioned upstream of 
the first stage moistening device, and the waste liquid 
material recovered in the distilling process is supplied 
toa circulating water passageway of the first stage mois- 
tening device. 

[0018] It is also possible to supply an additional car- 
bon dioxide to at least one fluid passageway selected 
from the group consisting of a fluid passageway inter- 
posed between the first and second moistening devices 
and another fluid passageway interposed between the 
second stage moistening device and the reformer. 
[0019] In the methanol manufacturing method of the 
present invention, it is desirable to use carbon dioxide 
recovered from at least one combustion gas selected 
from the group consisting of the combustion gas for 
heating the reformer and the combustion gas for heating 
a boiler for steam generation. 

[0020] In the m thanol manufacturing method of the 
present invention, it is desirable to use in the step of 
synthesizing the crude methanol a reaction apparatus 
comprising a reactor and a triple pipe consisting of an 
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outer pipe, an intermediate pipe and an inner pipe that 
are concentrically arranged. The reactor is vertically 
partitioned by two partition plates into three chambers 
consisting of a synthetic gas supply chamber a cooling 
medium circulating chamber and a residence chamber 
of the methanol-containing gas. The triple pipe extends 
through the two partition plates and is arranged such 
that the upper end of the intermediate pipe is positioned 
lower than the upper end of the outer pipe, that the lower 
end of the inner pipe is positioned in a central portion of 
the intermediate pipe, that the inner pipe alone is open 
in the upper end of the triple pipe, and that an annular 
space is formed between the intermediate pipe and the 
outer pipe in the lower end of the triple pipe, the meth- 
anol synthesizing catalyst being loaded in the annular 
space. 

[0021] In the methanol manufacturing method of the 
present invention, it is desirable for the methanol syn- 
thesizing catalyst to consist of oxides of Cu, Zn, Al, Ga 
and M, which is at least one element selected from th 
alkaline earth metal elements and the rare earth ele- 
ments, these Cu, Zn, At, Ga and M being mixed at an 
atomic ratio of 100 : 10 to 200 : 1 to 20 : 1 to 20 : 0.1 to 
20. 

[0022] According to a second aspect of the present 
invention, there is provided a method of manufacturing 
methanol, comprising the steps of: 

supplying a raw material gas containing hydrocar- 
bon as a main component and steam into a reformer 
for the reaction to generate a synthetic gas contain- 
ing as main components hydrogen, carbon monox- 
ide and carbon dioxide; 

performing reaction of the synthetic gas in the pres- 
ence of a methanol synthesizing catalyst to synthe- 
size a crude methanol; and 

distilling a liquid crude methanol recovered from the 
methanol synthesizing step to separate the crude 
methanol into a refined methanol and a waste liquid 
material containing low boiling point organic com- 
pounds and high boiling point organic compounds, 
wherein the methanol synthesizing step comprises 
a first reaction step and a second reaction step, re- 
action of the synthetic gas supplied through a syn- 
thetic gas supply passageway being carried out in 
the first reaction step in the presence of the meth- 
anol synthesizing catalyst, and 
wherein the formed liquid crude methanol contain- 
ing unreacted gas is separated into a gaseous por- 
tion and a liquid portion, the liquid crude methanol 
is recovered, the unreacted gas is compressed and 
recycled to the synthetic gas supply passageway, a 
part of the compressed unreacted gas is mixed with 
carbon dioxide, and the mixed gas is introduced into 
the second reaction step so as to carry out the re- 
action of the mixed gas in the presence of the meth- 
anol synthesizing catalyst to form a crude methanol. 
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[0023] In the methanol manufacturing method ac- 
cording to the second aspect of the present invention, it 
is also possible to supply an additional carbon dioxide 
to the inlet port of the first reaction step. 
[0024] In the methanol manufacturing method ac- s 
cording to the second aspect of the present invention, 
the carbon dioxide to be supplied should desirably be 
carbon dioxide recovered from at least one of the com- 
bustion gases for heating the reformer and for heating 
the boiler for steam generation. 10 
[0025] In the methanol manufacturing method ac- 
cording to the second aspect of the present invention, it 
is desirable for the methanol synthesizing catalyst to 
consist of oxides of Cu, Zn, Al, Ga and M, which is at 
least one element selected from the alkaline earth metal is 
elements and the rare earth elements, these Cu, Zn, Al, 
Ga and M being mixed at an atomic ratio of 100 : 10 to 
200 : 1 to 20 : 1 to 20 : 0.1 to 20. 
[0026] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 20 
vention may also be a sub-combination of these de- 
scribed features. 

[0027] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 2s 

FIG. 1 is a flow chart showing a methanol manufac- 
turing process of the present invention; 
FIG. 2 schematically shows the construction of the 
methanol manufacturing plant used in Example 1 of 30 
the present invention; 

FIG. 3 is a cross sectional view showing as an ex- 
ample a reaction apparatus for synthesizing meth- 
anol, said reaction apparatus being incorporated in 
the plant shown in FIG. 2; 35 
FIG. 4 schematically shows a gist portion of the 
methanol manufacturing plant used in Example 2 of 
the present invention; 

FIG. 5 is a flow chart showing a methanol manufac- 
turing process according to another embodiment of 40 
the present invention; 

FIG. 6 schematically shows the methanol manufac- 
turing plant used in Example 3 of the present inven- 
tion; and 

FIG. 7 schematically shows a gist portion of the 45 
methanol manufacturing plant used in Example 4 of 
the present invention. 

[0028] The methanol manufacturing method of the 
present invention will now be described in detail with ref- so 
erence to the accompanying drawings. 

(First Embodiment) 

[0029] FIG. 1 is a flow chart showing a methanol man- ss 
ufacturing process according to a first embodiment of 
the present invention. As shown in the drawing, the 
process of the first embodiment comprises a synthetic 
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gas forming step 1 , a methanol synthesizing step 2 and 
a distilling step 3. 

(1) Synthetic Gas Forming Step: 

[0030] As shown, in the drawing, a raw material gas 
containing hydrocarbon as a main component, e.g., a 
natural gas, is supplied to a desulfurization device for 
removing traces of sulfur compounds contained in the 
raw material gas. After the desulfurization, the raw ma- 
terial gas is introduced into a moistening device, in 
which steam is added at, for example, 150 to 250°C to 
the raw material gas to reach substantially a saturated 
pressure. 

[0031] Then, a superheated steam prepared in, for 
example, a boiler is supplied to the moistened raw ma- 
terial gas and, then, the raw material gas is introduced 
into a reformer. It is desirable for the amount of steam 
contained in the mixed gas introduced into the reformer 
to be about 2 to 3 times as large as the volume flow rate 
of the raw material gas. 

[0032] The raw material gas introduced into the re- 
former is reformed with steam introduced into the re- 
former together with the raw material gas at 800 to 
1 ,000"C in the presence of, for example, a nickel-based 
catalyst loaded in the reformer so as to form a synthetic 
gas containing as main components hydrogen (H 2 ) f car- 
bon monoxide (CO) and carbon dioxide (C0 2 ). 
[0033] The steam reforming reaction is an endother- 
mic reaction. Therefore, the reformer comprises a reac- 
tion tube loaded with the catalyst and a combustion de- 
vice surrounding the outer surface of the reaction tube. 
A fuel gas and air are supplied into the combustion de- 
vice to burn the fuel gas so as to heat the inner region 
of the reaction tube to, for example, 700 to 900° C. As a 
result, a reaction heat is supplied to the reaction system 
so as to carry out the steam reforming reaction more 
effectively. 

[0034] In the step of forming the synthetic gas, carbon 
dioxide contained in the waste combustion gases gen- 
erated in the boiler for steam generation and generated 
in the combustion device is recovered so as to be sup- 
plied to at least one of the upstream side and down- 
stream side of the moistening device. A chemical ab- 
sorption method using an ordinary amine absorption liq- 
uid is utilized for recovering carbon dioxide from the 
waste combustion gas. However, the carbon dioxide re- 
covery method is not particularly limited in the present 
invention, as far as carbon dioxide can be recovered ef- 
ficiently. 

(2) Crude Methanol Synthesizing Step: 

[0035] The synthetic gas is forwarded from the syn- 
thetic gas forming step 1 shown in FIG. 1 into the meth- 
anol synthesizing step 2. In this step, the heat of the 
synthetic gas is recovered through, for example, a waste 
heat boiler, the moistening device or a heat exchanger, 
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with th result that the synthetic gas is cooled substan- 
tially to room temperature. The steam contained in the 
synthetic gas is condensed in accordance with temper- 
ature reduction of the synthetic gas in the heat recovery 
process so as to be recovered as a condensed water, 
which is supplied to, tor example, the moistening device, 
the boiler, etc. 

[0036] The synthetic gas cooled to room temperature 
is compressed by a compressor to a pressure of, for ex- 
ample, 50 to 150 atmospheres and, then, preheated to, 
for example, 200 to 300° C. The preheated synthetic gas 
is supplied into the reaction tube loaded with a methanol 
synthesizing catalyst. Reactions (1 ) and (2) given below 
are performed within the reaction tube to synthesize 
methanol: 



CO + 2H 0 



C0 2 + 3H 2 



CH 3 OH 



► CH3OH + H 2 0 



(1) 



(2) 



[0037] In these reactions, impurities such as dimethyl 
ether and ethanol are formed by side reactions. These 
impurities and water are contained in a liquid crude 
methanol together with methanol. 
[0038] For example, a copper-based catalyst is used 
as the methanol synthesizing catalyst. Particularly, it is 
desirable to use as the methanol synthesizing catalyst 
oxides of Cu, Zn, AI, Ga and M : which is at least one 
element selected from the alkaline earth metal elements 
and rare earth elements, said oxide exhibiting a high du- 
rability under an atmosphere containing a high concen- 
tration of carbon dioxide. The atomic ratio of these Cu, 
Zn, AI, Ga and M, i.e., Cu : Zn : AI : Ga : M, should de- 
sirably be 100 : 10 to 200 : 1 to 20 : 1 to 20 : 0.1 to 20. 

(3) Distilling Step: 

[0039] The liquid crude methanol is forwarded from 
the methanol synthesizing step 2 to, for example, a dis- 
tillation column of the distilling step 3 shown in FIG. 1 
so as to be separated by distillation into a refined meth- 
anol and a liquid waste material containing by-products 
of low boiling point organic compounds and high boiling 
point organic compounds. The by-products contained in 
the liquid waste material are discharged to the outside 
of the system. 

[0040] In the methanol manufacturing method of the 
present invention, carbon dioxide discharged from com- 
bustion devices for the boiler and the reformer is recov- 
ered and, then, compressed by a compressor to a pre- 
determined pressure. Then, the compressed carbon di- 
oxide is supplied to at least one fluid passageway se- 
lected from the fluid passageway positioned upstream 
of the moistening device and the fluid passageway in- 
terposed between the moistening device and the re- 



former. 

[0041] Carbon dioxide generated in another factory, 
etc. can also be used in the present invention in addition 
to the carbon dioxide recovered in the methanol manu- 

5 facturing process. Since carbon dioxide, which was dis- 
charged from the conventional factory, etc. to the air at- 
mosphere: can be effectively utilized as a raw material 
in the methanol manufacturing method of the present 
invention, the amount of carbon dioxide discharged to 

10 the air atmosphere can be decreased. In other words, 
the method of the present invention is desirable as a 
measure against warming of the earth. 
[0042] In the first embodiment of the present invention 
described above, carbon dioxide is supplied to at least 

*5 one of the fluid passageway positioned upstream of the 
moistening device and the fluid passageway interposed 
between the moistening device and the reformer. Also, 
the raw material gas containing hydrocarbon as a main 
component is supplied to the moistening device for 

20 moistening the raw material gas. It follows that the 
amount of the moistened raw material gas is increased 
by an amount corresponding to the supply amount of 
carbon dioxide. Since the moistened raw material gas 
containing carbon dioxide supplied from the outside is 

25 supplied to the reformer, it is possible to decrease the 
amount of the superheated steam prepared in the boiler 
or the like and supplied separately to the moistened raw 
material gas. Naturally, the running cost for the metha- 
nol manufacture can be decreased. 

30 [0043] It should be noted in particular that, since car- 
bon dioxide is supplied together with the raw material 
gas to the fluid passageway positioned upstream of the 
moistening device, both the raw material gas and car- 
bon dioxide are moistened while passing through the 

35 moistening device. In other words, a moistened mixed 
gas consisting of the raw material gas and carbon diox- 
ide is supplied to the reformer, making it possible to fur- 
ther decrease the amount of the superheated steam 
prepared in the boiler or the like and supplied separately 

40 to the moistened raw material gas. It follows that the run- 
ning cost for the methanol manufacture can be further 
decreased. 

[0044] It should also be noted that, since carbon di- 
oxide is supplied to at least one of the fluid passageway 

45 positioned upstream of the moistening device and the 
fluid passageway interposed between the moistening 
device and the reformer, the raw material gas containing 
hydrocarbon as a main component, carbon dioxide and 
steam can be supplied to the reformer. As a result, car- 

so bon monoxide and hydrogen can be formed in the re- 
former by reaction (3) given below between carbon di- 
oxide and the raw material gas, e.g., methane gas, in 
addition to the synthetic gas containing hydrogen (H 2 ), 
carbon monoxide (CO) and carbon dioxide (C0 2 ): 

55 



C0 2 + CH 4 



2CO + 2H 0 



(3) 



5 
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[0045] Clearly, the amount of carbon dioxide con- 
tained in the synthetic gas formed in the reformer can 
be decreased, compared with the conventional case 
where carbon dioxide is supplied to the synthetic gas 
formed in the reformer. As a result, a synthetic gas lower 
in the carbon dioxide content can be supplied from the 
reformer to the methanol synthesizing step, making it 
possible to prevent the methanol synthesizing catalyst 
used in the methanol synthesizing step from being ex- 
posed to an atmosphere having a high carbon dioxide 
concentration. It follows that the activity of the methanol 
synthesizing catalyst is prevented from being lowered. 
[0046] Further, carbon dioxide recovered from the 
waste combustion gases generated from the boiler and 
the combustion device of the reformer can be supplied 
to at least one of the fluid passageway positioned up- 
stream of the moistening device and the fluid passage- 
way interposed between the moistening device and the 
reformer so as to decrease the amount of carbon dioxide 
discharged to Ihe outside during the methanol manufac- 
turing process. It follows that the methanol manufactur- 
ing plant is rendered advantageous in economy where 
a tax and regulation for the carbon dioxide discharge 
are started in future. 

(Example 1) 

[0047] The methanol manufacture according to the 
first embodiment of the present invention will now be de- 
scribed more in detail as Example 1 with reference to 
the methanol manufacturing plant shown in FIG. 2. 
[0048] Specifically, the plant shown in FIG. 2 compris- 
es a single stage heat exchange type moistening device 
10. Arranged within the moistening device 10 are a load- 
ing layer 11 positioned in an upper portion of the mois- 
tening device 10 and a tube 12 positioned below the 
loading layer 1 1 for bringing a gas into contact with water 
by a wet wall system. A pump 14 for circulating water 
from the bottom portion of the moistening device 10 to- 
ward the top of the moistening device 10 through a cir- 
culating water passageway 13 is arranged below the 
moistening device 10. 

[0049] A reformer 20, which is arranged downstream 
of the moistening device 10, is connected to the mois- 
tening device 10 via a fluid passageway 30 v The re- 
former 20 comprises a steam reforming reaction tube 
21 and a combustion device 23 arranged to surround 
the reaction tube 21 and equipped with a preheating 
section 22. A steam reforming catalyst, e.g., a nickel- 
based catalyst, is loaded in the reaction tube 21 . The 
fluid passageway 30-, extends through the preheating 
section 22 so as to be connected to the reaction tube 
21. Further a carbon dioxide recovery device 24 is con- 
nected via a fluid passageway 30 2 to the preheating sec- 
tion 22. 

[0050] A reaction apparatus 40 for synthesizing meth- 
anol is arranged downstream of the reformer 20 and 
connected to the reformer 20 via a fluid passageway 



30 3 . The reaction apparatus 40 comprises a pre-heater 
41 and a reactor 43 for synthesizing methanol. The syn- 
thetic gas coming from the pre-heater 41 is supplied to 
the reactor 43 through a circulating fluid passageway 

s 42. Loaded in the reactor 43 is a methanol synthesizing 
catalyst consisting of oxides of Cu, Zn, Al, Ga and M, 
which is at least one element selected from the alkaline 
earth metal elements and the rare earth elements, these 
Cu, Zn, Al, Ga and M being mixed at an atomic ratio of 

10 100 : 10 to 200 : 1 to 20 : 1 to 20 : 0.1 to 20. Mounted to 
the fluid passageway 30 3 interposed between the re- 
former 20 and the pre-heater 41 are a heat exchanger 
51 , a heat recovery device 52 and a first compressor 53 
in the order mentioned as viewed from the reformer 20. 

is That portion of the fluid passageway 30 3 which is inter- 
posed between the heat exchanger 51 and the heat re- 
covery device 52 extends through the tube 1 2 included 
in the moistening device 10. 

[0051] A first distillation column 60^ is arranged down- 

20 stream of the reaction apparatus 40 for synthesizing 
methanol and connected to the reaction apparatus 40 
via a fluid passageway 30 4 arranged downstream of the 
reaction apparatus 40. A first condenser 6 1 A is connect- 
ed to a top portion of the first distillation column 60^ via 

2S a circulating fluid passageway 62 1 . One end of the fluid 
passageway 30 4 referred to previously is connected to 
a bottom portion of the reactor 43. Mounted to that por- 
tion of the fluid passageway 30 4 which is interposed be- 
tween the reactor 43 of the reaction apparatus 40 for 

30 synthesizing methanol and the first distillation column 
60 1 are the pre-heater 41, a cooling device 71, a gas- 
liquid separator 72 and a crude methanol pre-heater 73 
in the order mentioned as viewed from the reactor 43. 
The gas-liquid separator 72 is connected to the fluid 

35 passageway 30 3 at the inlet of the pre-heater 41 via a 
gas circulating passageway 74 having a gas compres- 
sor 75 mounted thereto. 

[0052] A second distillation column 60 2 is arranged 
downstream of the first distillation column 60 1 and con- 
40 nected to the first distillation column 60^ through a fluid 
passageway 30 5 . A second condenser 61 2 is connected 
to a top portion of the second distillation column 60 2 
through a circulating fluid passageway 62 2 . 
[0053] It is desirable tor the reactor 43 for synthesiz- 
es ing methanol to include a triple tube as shown in, for 
example, FIG. 3. As shown in FIG. 3, the reactor 43 in- 
cludes a reactor body 1 01 that is partitioned by two par- 
tition plates 102 and 103 into three chambers consisting 
of a synthetic gas supply chamber 104 positioned in the 
so upper portion of the reactor body 1 01 , a cooling medium 
circulating chamber 105 positioned below the synthetic 
gas supply chamber 104, and a methanol-containing 
gas residence chamber 106 positioned in the lower por- 
tion of the reactor body 101. A plurality of triple tubes 
ss no, e.g., two triple tubes, each consisting of an outer 
tube 107, an intermediate tube 109 and an inner tube 
109 extend through the two partition plates 102 and 103 
so as to be supported by these partition plates 102 and 
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103. An inner annular space 111 is formed between the 
inner tub 109 and the intermediate tube 108, and an 
outer annular space 1 1 2 is formed between the interme- 
diate tube 108 and the outer tube 107. The upper end 
of the intermediate tube 1 08 is positioned lower than the 
upper end of the outer tube 107. The lower end of the 
inner tube 109 is positioned in a central portion of the 
intermediate tube 108. It is important to determine ap- 
propriately the lower end of the inner tube 1 09. Specif- 
ically, the distance of the lower end of the inner tube 1 09 
from the upper end of the triple tube 111 should desirably 
be 1/10 to 2/3 of the entire length of the triple tube 111 
in order to suppress the pressure loss and to obtain the 
cooling effect of the catalyst from the inside, which will 
be described hereinlater. 

[0054] The upper end of the triple tube 110 is closed 
by an upper shielding plate 113 such that the inner tube 
1 09 alone is left open. On the other hand, the lower end 
of the triple tube 1 1 0 is closed by a lower shielding plate 

114 such that the intermediate tube 108 is closed and 
the outer annular space 1 1 2 is left open. A catalyst layer 

1 1 5 consisting of, for example, a granular methanol syn- 
thesizing catalyst is loaded in the outer annular space 
112 formed between the intermediate tube 108 and the 
outer tube 1 07. The catalyst layer 1 1 5 extends from the 
bottom of the outer annular space 1 1 2 to reach a region 
near the upper end of the annular space 112. A mesh 
plate or a porous plate (not shown) is mounted to the 
lower end of the outer annu lar space 1 1 2 in order to pre- 
vent the granular methanol synthesizing catalyst from 
falling down. 

[0055] A supply port 116 for supplying the synthetic 
gas into the synthetic gas supply chamber 1 04 is formed 
in an upper portion of the reactor body 1 01 . The circu- 
lating fluid passageway 42 referred to previously is con- 
nected to the supply port 1 1 6. Also, a discharge port 1 1 7 
for discharging the methanol-containing gas formed in 
the triple tube 110 is formed in a lower portion of the 
reactor body 101 . The fluid passageway 30 4 referred to 
previously is connected to the discharge port 117. Fur- 
ther, an inlet port 1 1 8 and an outlet port 1 1 9 for a cooling 
medium are formed through the side wall of the cooling 
medium circulating chamber 105 of the reactor body 
101. 

[0056] Methanol is manufactured by utilizing the 
methanol manufacturing plant shown in FIG. 2 as fol- 
lows. 

[0057] Specifically, the raw material gas containing 
hydrocarbon as a main component, which has already 
been desulfurized and preheated, is supplied to the 
loading layer 11 at the top of the heat exchanger type 
moistening device 10 through a fluid passageway 30 6 . 
At the same time, carbon dioxide recovered in the car- 
bon dioxide recovery device 24 is introduced into the 
compressor 25 through a fluid passageway 30 7 so as to 
be compressed to have a higher pressure. The com- 
pressed carbon dioxide is supplied to the fluid passage- 
way 30 6 so as to be mixed with the raw material gas, 



with the result that the mixed gas is supplied from the 
fluid passageway 30 6 into the loading layer 11 at the top 
of the moistening device 10. The pump 14 arranged be- 
low the moistening device 1 0 is operated in advance to 
s permit water to be circulated from the bottom portion of 
the moistening device 10 to the top portion of the mois- 
tening device 10 via the circulating water passageway 
13. As a result, the mixed gas of the raw material gas 
and carbon dioxide supplied to the top portion of the 
io moistening device 10 is moistened by the circulating wa- 
ter. To be more specific, the mixed gas is brought into 
contact with the water supplied from the circulating wa- 
ter passageway 13 in the loading layer 11 so as to be 
moistened and, then, exchanges heat with the synthetic 
is gas of a high temperature supplied from the reformer 20 
through the fluid passageway 30 3 so as to be heated 
and further moistened. Incidentally, the gas after carbon 
dioxide recovery in the carbon dioxide recovery devic 
24 is discharged to the air atmosphere through a fluid 
20 passageway 30 9 . 

[0058] The moistened mixed gas is supplied into the 
steam reforming reaction tube 21 of the reformer 20 
through the fluid passageway 30 v A required amount 
of a process steam is added through a fluid passageway 
25 30 10 to the moistened mixed gas flowing within the fluid 
passageway 30 1 and, then, the mixed gas is supplied 
to the reaction tube 21 through the preheating section 
22 positioned in the convectbn section of the reformer 
20. The raw material gas containing hydrocarbon as a 
30 main component, steam and carbon dioxide are sup- 
plied to the reaction tube 21 of the reformer 20. Within 
the reaction tube 21, hydrocarbon, e.g., methane, is 
subjected to steam reformation in the presence of the 
catalyst loaded in the reaction tube 21 to form a synthet- 
35 jc gas containing carbon monoxide, carbon dioxide and 
hydrogen. At the same time, reaction between carbon 
dioxide and methane is carried out to form a synthetic 
gas containing carbon monoxide and hydrogen. 
[0059] Since the reforming reaction is an endothermic 
40 reaction, a mixture of a fuel gas and the air is burned 
within the combustion device 23 of the reformer 20 so 
as to heat the inner space of the reaction tube 21 to, for 
example, 800 to 1,000° C. The combustion waste gas is 
supplied to the carbon dioxide recovery device 24 
45 through the preheating section 22 and the fluid passage- 
way 30 2 for recovery of carbon dioxide. Carbon dioxide 
thus recovered is supplied to the moistening device 10 
as described previously. 

[0060] The synthetic gas formed in the reformer 20 is 
50 supplied to the heat exchanger 51 through the fluid pas- 
sageway 30 3 and exchanges heat with a boiler water 
circulating through a fluid passageway 30^ to generate 
steam of a high pressure. Then, the synthetic gas is sup- 
plied to an outside fluid passageway of the tube 12 of 
55 the moistening device 1 0. The heat of the synthetic gas 
is partly recovered in the moistening device 10 so as to 
be utilized as a heat source of the moistening device 1 0. 
[0061] The synthetic gas coming from the tube 12 is 
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supplied to the heat recovery device 52 so as to be 
cooled to room temperature. In this step, the steam con- 
tained in the synthetic gas is condensed, and the con- 
densed water is partly supplied to the circulating water 
passageway 13 of the moistening device 10 through a 
fluid passageway 30 12 so as to be utilized for the mois- 
tening of the mixed gas of the raw material gas and car- 
bon dioxide introduced into the moistening device 10. 
The remaining condensed water flows through a fluid 
passageway 30 13 so as to be utilized as, for example, 
a process water. 

[0062] The synthetic gas from which the condensed 
water has been separated is supplied to the first com- 
pressor 53 through the fluid passageway 30 3 so as to 
be compressed to a pressure adapted for the methanol 
synthesizing reaction, e.g., to a pressure of 50 to 150 
atmospheres. The compressed synthetic gas having a 
high pressure is supplied to the pre-heater 41 of the re- 
action apparatus 40 for synthesizing methanol through 
the fluid passageway 30 3 so as to be preheated to a 
temperature adapted for the methanol synthesizing re- 
action, e.g., 200 to 300°C. Further, the preheated syn- 
thetic gas is supplied through the circulating passage- 
way 42 to the reactor 43 having the methanol synthe- 
sizing catalyst loaded therein. Incidentally the unreact- 
ed gas separated in the gas-liquid separator 72 is sup- 
plied to that portion of the fluid passageway 30 3 which 
is positioned upstream of the pre-heater 41 so as to be 
mixed with the synthetic gas. In the reactor 43, the re- 
actions (1) and (2) given previously are carried out to 
synthesize methanol. It is desirable to use a reactor 
housing the triple tube shown in FIG. 3 as the reactor 43. 
[0063] To be more specific, the synthetic gas is sup- 
plied through the supply port 116 into the synthetic gas 
supply chamber 104 of the reactor body 101. The syn- 
thetic gas within the supply chamber 104 flows down- 
ward through the upper end of the inner tube 109 of the 
triple tube 110 into the inner tube 109 and : then, further 
flows through the outlet port at the lower end of the inner 
tube 109 into the inner annular space 111 formed be- 
tween the inner tube 109 ad the intermediate tube 108. 
The synthetic gas further flows upward through the inner 
annular space 111 to flow into an outer annular space 
112 formed between the intermediate tube 108 and the 
outer tube 107 through the upper end of the outer an- 
nular space 112. Still further, the synthetic gas flows 
downward through the catalyst layer 115 loaded in the 
outer annular space 112. While the synthetic gas flows 
through the catalyst layer 115, the reactions (1) and (2) 
given previously are carried out to synthesize methanol. 
[0064] During the methanol synthesis described 
above, a cooling medium such as a boiler water is sup- 
plied through the inlet port 118 of the cooling medium 
into the cooling medium circulating chamber 105 of the 
reactor body 101 and is discharged to the outside 
through the cooling medium outlet port 1 1 9 so as to cool 
the catalyst layer 115 through the outer tube 107. It 
should also be noted that the reacting section for p r- 



forming the methanol synthesizing reaction is formed by 
the triple tube in the first embodiment of the present in- 
vention. Specifically, the synthetic gas is allowed to flow 
into the catalyst layer loaded in the outer annular space 

s 112 through the inner tube 109 and the inner annular 
space 111. It follows that the catalyst layer is cooledfrom 
the inside by the synthetic gas so as to suppress effec- 
tively the heat generation accompanying the methanol 
synthesizing reaction and, thus, to suppress effectively 

io the deactivation of the catalyst caused by the heat gen- 
eration. 

[0065] It should be noted in particular that carbon di- 
oxide is supplied to the reformer 20 and a synthetic gas 
having relatively high concentrations of carbon monox- 
15 ide is utilized in the present invention. In this case, the 
rate of the methanol synthesizing reaction is increased 
so as to increase the heat generation rate and, thus, to 
increase the catalyst temperature. As a result, the ac- 
tivity of the catalyst is likely to be lowered. In the present 
20 invention, however, the triple tube 110 is housed in the 
reactor 43, and the catalyst layer 11 5, in which the tem- 
perature is rapidly increased by the exothermic reaction 
of the synthetic gas, is cooled by the cooling medium 
and the synthetic gas so as to maintain a high catalytic 
25 activity over a long period of time. 

[0066] Even if a. synthetic gas having relatively high 
concentrations of carbon monoxide is utilized, the heat 
generating rate in the methanol synthesizing step can 
be suppressed by circulating the unreacted gas into the 
30 synthetic gas so as to decrease concentrations of car- 
bon monoxide in the synthetic gas. 
[0067] In the next step, the reaction gas mixture 
formed in the reactor 43 is supplied through the fluid 
passageway 30 4 into each of the pre-heater 41 and the 
35 cooling device 71 , as shown in FIG. 2 so as to cool the 
reaction gas mixture to substantially room temperature. 
In this step, almost all methanol and water within the 
reaction gas mixture are condensed so as to flow as a 
liquid stream into the gas-liquid separator 72. Inthissep- 
40 arator 72, the liquid crude methanol is separated from 
the unreacted gas. 

[0068] The unreacted gas is forwarded into the gas 
compressor 75 through the gas circulating passageway 
74 so as to be compressed to have a high pressure. The 

45 compressed gas is circulated into the fluid passageway 
30 3 at the inlet of the pre-heater 41 so as to be supplied 
into the reactor 43 together with the synthetic gas. The 
unreacted gas is partly supplied through a fluid pas- 
sageway 30 14 as a purge gas so as to be utilized as a 

so fuel for the reformer 20. 

[0069] On the other hand, the crude methanol is sup- 
plied into the first distillation column S0^ through the 
crude methanol pre-heater 73 mounted to the fluid pas- 
sageway 30 4 . A small amount of water is supplied as 

55 required to the first distillation column S0 A through a fluid 
passageway 30 l5 . The low boiling point organic com- 
pounds are concentrated at the top portion of the first 
distillation column and are partly condensed in the 
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first condenser 61 v with the remainder b ing dis- 
charged to the outside of the system togeth r with the 
dissolved gas. The bottom fraction of the first distillation 
column 60-, , which consists mainly of methanol and wa- 
ter, is supplied to the second distillation column 60 2 
through the fluid passageway 30 5 . 
[0070] The methanol fraction is cooled and con- 
densed by the second condenser 61 2 so as to be refined 
into methanol of a high purity by reflux. The high purity 
methanol is withdrawn as a product methanol from the 
top portion of the second distillation column 60 2 to the 
outside through a fluid passageway 30 16 . The bottom 
fraction of the second distillation column 60 2 , which con- 
stitutes a waste water, mainly contains water, and also 
contains small amounts of high boiling point organic 
compounds and organic acids and traces of inorganic 
materials coming from the apparatus. The waste water 
is discharged Irom the bottom portion of the second dis- 
tillation column 60 2 to the outside of the system through 
a fluid passageway 30 l7 . 

[0071] In Example 1 described above, the waste com- 
bustion gas discharged from the combustion device 23 
of the f dormer 20 is introduced into the carbon dioxide 
recovery device 24, and the recovered carbon dioxide 
is compressed by the compressor 25 so as to be com- 
prossod to have a high pressure. The compressed car- 
bon dioxide is suppled to the fluid passageway 30 6 up- 
stream of tno moistening device 10 so as to be mixed 
with tho raw material gas supplied to the fluid passage- 
way 30 c Then, the mixed gas is supplied to the top por- 
tion of the moistening device 10. Naturally the flow rate 
of the gas supplied to the moistening device 10 is in- 
creased, compared with the case where carbon dioxide 
is not added to the raw material gas, leading to an in- 
creased moistening rate in the moistening device 10. It 
follows that it is possible to decrease the amount of the 
process steam supplied from the fluid passageway 
30 10 . 

[0072] For example, if carbon dioxide is added in an 
amount of about 30% of the raw material gas flow rate, 
the moistened amount can also be increased by about 
30%. The amount of the process steam can be de- 
creased in an amount corresponding to the increase in 
the moistened amount. 

[0073] It should also be noted that carbon dioxide re- 
covered from the combustion waste gas discharged 
from the combustion device 23 of the reformer 20 (and/ 
or from the boiler for steam generation) is utilized as the 
carbon dioxide gas supplied to the fluid passageway 30 6 
upstream of the moistening device 10 so as to decrease 
the amount of carbon dioxide discharged from the meth- 
anol manufacturing plant. As a result, the methanol 
manufacturing plant is rendered advantageous in econ- 
omy when a tax and regulation of the carbon dioxide 
discharge are started in future. 

[0074] What should also be noted is that the methanol 
synthesizing catalyst used in the present invention con- 
sists of oxides of Cu, Zn, Al, Ga and M, which is at least 



one element selected from the alkaline arth metal ele- 
ments and the rare earth elements, these Cu, Zn, Al, Ga 
and M being mixed at an atomic ratio of 1 00 : 1 0 to 200 : 
1 to 20 : 1 to 20 : 0. 1 to 20. The catalyst of the particular 

5 composition exhibits a high durability when exposed to 
a synthetic gas containing a high concentration of car- 
bon dioxide gas. In other words, deterioration of the cat- 
alytic activity is suppressed, making it possible to de- 
crease the amount of the catalyst used. 

10 [0075] Also, the methanol synthesizing reactor 43 
housing the triple tube 110 shown in FIG. 3 is used in 
Example 1 of the present invention, making it possible 
to lower the synthetic gas temperature at the inlet to the 
catalyst layer. As a result, it is possible to decrease the 

*5 amount of the unreacted gas separated in the gas-liquid 
separator 72 and circulated for lowering the carbon 
monoxide concentration in the synthetic gas to the fluid 
passageway 30 3 through which flows the synthetic gas, 
leading to saving of the circulating power. 

20 [0076] In Example 1 described above, carbon dioxide 
recovered from the combustion device 23 of the reform- 
er 20 is compressed and, then, supplied to the fluid pas- 
sageway 30 8 upstream of the moistening device. Alter- 
natively, however, it is also possible to supply carbon 

2S dioxide to the fluid passageway 30! positioned down- 
stream of the moistening device 10 through the fluid 
passageway 30 1S as shown in FIG. 2 so as to decrease 
the amount of the process steam as in 

30 Example 1. 

(Second Embodiment) 

[0077] In the flow chart for the methanol manufacture 

35 shown in FIG. 1 , the moistening device comprises a first 
stage moistening device and a second stage moistening 
device arranged intermediate between the first stag 
moistening device and the reformer. The waste water 
recovered in the distilling step is supplied to the circu- 

40 lating water passageway for the first stage moistening 
device. Also, a mixed gas consisting of the raw material 
gas containing hydrocarbon as a main component and 
carbon dioxide is supplied from upstream side of the first 
stage moistening device to the top portion of the first 

4$ stage moistening device. 

[0078] It is possible to supply an additional carbon di- 
oxide stream to at least one fluid passageway selected 
from the group consisting of the fluid passageway con- 
necting the first stage and second stage moistening de- 

so vices and the fluid passageway interposed between the 
second stage moistening device and the reformer. 
[0079] In the second embodiment outlined above, the 
presence of the first stage and second stage moistening 
devices makes it possible to supply a sufficiently mois- 

ss tened mixed gas to the reformer so as to decrease the 
amount of the process steam, compared with the first 
embodiment d scribed previously. 
[0080] In the second embodiment, a mixed gas con- 
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sisting of the raw mat rial gas and carbon dioxide is sup- 
plied to the top portion of th first stage moistening de- 
vice. Therefore, the mixed gas is brought into contact 
with water supplied from the circulating water passage- 
way to the loading layer at the top portion of the first 
stage moistening device so as to be moistened. In this 
step, the waste water recovered from the distilling step 
is supplied to the circulating water passageway so as to 
allow carbon dioxide contained in the mixed gas to neu- 
tralize the salts of alkali metals and alkaline earth metals 
contained in the waste water. As a result, the pH value 
of the waste water is shifted from the alkaline side to- 
ward the neutral or acidic side. It follows that, even if the 
waste water recovered from the distilling step is supplied 
to the circulating water passageway of the first stage 
moistening device, the first stage moistening device is 
prevented Irom being corroded by the alkali, making it 
possible to effectively utilize the waste water. 

(Example 2) 

[0081] In Example 2, the methanol manufacture ac- 
cording to the second embodiment of the present inven- 
tion will be specifically described with reference to the 
gist portion of the methanol manufacturing plant shown 
in FIG. 4. Incidentally, the reference numerals common- 
ly used in FIGS. 2 and 4 represent the same members 
of the plant and, thus, explanation thereof will be omitted 
in the following description. 

[0082] A reference numeral 10 1 shown in FIG 4 rep- 
resents a single stage type first stage moistening de- 
vice. A loading layer 11 , extending vertically downward 
from the top portion and a tube 1 2, positioned below the 
loading layer 11, for bringing the gas into contact with 
water by wet wall system are arranged within the first 
stage moistening device 10 v A first pump 14, for circu- 
lating water from the bottom portion of the first stage 
moistening device to the top portion of the moistening 
device 10, through a first circulating water passageway 
13, is arranged below the moistening device 10,. The 
waste water discharged from the second distillation col- 
umn is supplied to the first circulating water passageway 
13, through the fluid passageway 30 17 . 
[0083] A single stage heat exchange type second 
moistening device 10 2 is arranged downstream of the 
first stage moistening device 10, and connected to the 
first stage moistening device 10, via the fluid passage- 
way 30, 9 . Arranged within the second stage moistening 
device 10 2 are a loading layer 11 2 extending downward 
from the top portion of the moistening device 10 2 and a 
tube 1 2 2 positioned below the loading layer 1 1 2 for bring- 
ing the gas into contact with water by a wet wall system. 
One end of the fluid passageway 30 19 is connected to 
the side wall of the first stage moistening device, with 
the other end connected to the top portion of the second 
stage moistening device 1 0 2 . A second pump 1 4g for 
circulating water from the bottom portion of the second 
stage moistening device 10 2 to the top portion of the 



second stage moistening device 1 0 2 via a second circu- 
lating water passageway 1 3 2 is arranged below the sec- 
ond stage moistening device 10 2 . The second stage 
moistening device 10 2 is conn cted the reformer ar- 

s ranged downstream of the second stage moistening de- 
vice 10 2 via the fluid passageway 30,. Also, the synthet- 
ic gas generated from the reformer is introduced into the 
tube 12 2 of the second stage moistening device 10 2 
through the fluid passageway 30 3 so as to carry out heat 

10 exchange. 

[0084] In the methanol manufacturing plant shown in 
FIG. 4, the raw material gas containing hydrocarbon as 
a main component is desulf urized in a desulfurizing ap- 
paratus 81 and preheated as in Example 1 and, then, 

15 supplied toward the loading layer 11, in the top portion 
of the single stage type first stage moistening device 1 0, 
through the fluid passageway 30 6 . At the same time, 
carbon dioxide recovered in, for example, a carbon di- 
oxide recovery device and compressed by a compres- 

20 sor is supplied to the fluid passageway 30 6 through the 
fluid passageway 30 8 . It follows that a mixed gas con- 
sisting of carbon dioxide and the raw material gas is sup- 
plied through the fluid passageway 30 6 into the loading 
layer 11, in the top portion of the first stage moistening 

25 device 10,. It should be noted that the first pump 14, 
arranged below the moistening device 10, is operated 
in advance so as to circulate water from the bottom por- 
tion of the moistening device 10, to the top portion of 
the moistening device 10, via the first circulating water 

30 passageway 1 3, and, at the same time, the waste water 
discharged from the second distillation column is sup- 
plied to the first circulating water passageway 13, 
through the fluid passageway 30 17 . Because of the wa- 
ter circulation, the mixed gas supplied to the top portion 

35 of the first stage moistening device 10, is brought into 
contact within the loading layer 11, with the water sup- 
plied from the first circulating water passageway 13,, 
and then brought into contact within the tube 12, with 
the water so as to be moistened. In this step, salts of the 

40 alkali metals and alkaline earth metals contained in the 
waste water supplied to the first circulating water pas- 
sageway 13, are neutralized by carbon dioxide con- 
tained in the mixed gas. Therefore, even if the waste 
water recovered in the distilling step is supplied to the 

45 first circulating water passageway 13,, the first stag 
moistening device 10, is prevented from being corroded 
by the alkali. 

[0085] The mixed gas moistened in the first stage 
moistening device 10, is supplied to the loading layer 

50 11 2 at the top portion of the second stage moistening 
device 10 2 through the fluid passageway 30, 9 . It should 
be noted that the second pump 1 4 2 arranged below the 
second stage moistening device 10 2 is operated in ad- 
vance so as to circulate water from the bottom portion 

55 of the second stage moistening device 10 2 to the top 
portion of the second stage moistening device 10 2 
through the second circulating water passageway 132 
so as to moisten the mixed gas supplied to the top por- 
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tion of the moistening device 10 2 . In other words, the 
mixed gas is brought into contact within the loading layer 
11 2 with the water supplied from the second circulating 
water passageway 1 3 2 so as to be moistened. Then, the 
moistened mixed gas exchanges heat within the tube 
12 2 with the synthetic gas of a high temperature sup- 
plied from the reformer through the fluid passageway 
30 3 so as to be heated. Incidentally, it is possible to sup- 
ply the condensed water discharged from the heat re- 
covery device to the second circulating water passage- 
way 13 2 through the fluid passageway 30 12 as already 
described in conjunction with Example 1 . 
[0086] The mixed gas moistened in the second stage 
moistening device 10 2 is supplied to the reformer 
through the fluid passageway 30, so as to be utilized for 
the synthetic gas formation and methanol synthesis as 
in Example 1. Finally, a refined methanol is recovered 
from the distillation column. 

[0087] Of course, the effect similar to that obtained in 
Example 1 can be obtained in Example 2. In addition, 
the use of the first stage and second stage moistening 
devices 10, and 10 2 makes it possible to supply a suf- 
ficiently moistened mixed gas to the reformer, with the 
result that the amount of the process steam used can 
be decreased, compared with Example 1 . 
[0088] Also, carbon dioxide is supplied to a fluid pas- 
sageway positioned upstream of the first stage moisten- 
ing device 10 1 in Example 2. Therefore, even if the 
waste water discharged from the distilling step and con- 
taining salts of alkali metals or alkaline earth metals is 
supplied to the first circulating water passageway 13 v 
the pH value of the waste water is shifted toward the 
neutral side and, further, toward the acidic side so as to 
prevent the first moistening device 10 1 from being cor- 
roded by the alkali. It follows that the waste water can 
be utilized effectively. 

[0089] In Example 2, carbon dioxide is supplied to the 
fluid passageway positioned upstream of the first stage 
moistening device 10 v Alternatively, it is also possible 
to supply carbon dioxide to the fluid passageway 30 19 
connecting the first stage and second stage moistening 
devices 10, and 10 2 through the fluid passageway 30 20 
or to the fluid passageway 30! , through which the mixed 
gas is supplied to the reformer, through the fluid pas- 
sageway 30 21 as shown in FIG. 4. Further it is possible 
to supply carbon dioxide directly to the fluid passageway 
30 17 for the waste water from the distillation column. 
[0090] Since carbon dioxide can be supplied to sev- 
eral specified points in addition to the fluid passageway 
positioned upstream of the first moistening device 10,, 
the flow rate of the mixed gas to be moistened can be 
increased so as to further decrease the amount of the 
process steam used, compared with Example 1. 

{Third Embodiment) 

[0091] FIG. 5 is a flow chart showing the methanol 
manufacturing process employed in the third embodi- 



ment ol the present invention. 

[0092] The methanol manufacturing process shown 
in FIG. 5 comprises a synthetic gas forming step 201 , a 
methanol synthesizing step 202 and a distillation step 
5 203. 

(1) Synthetic Gas Forming Step: 

[0093] The raw material gas containing hydrocarbon 
10 as a main component, e.g., a natural gas, is supplied to 
a desulfurization device so as to remove traces of sulfur 
compounds contained in the raw material gas. The raw 
material gas after the desulfurization is introduced into 
a moistening device in which steam of, for example, 1 50 
is to 250°C is added in a saturated pressure to the raw 
material gas. 

[0094] The moistened raw material gas is mixed with 
a superheated steam prepared in, lor example, a boiler 
and, then, introduced into a reformer. It is desirable for 

20 the amount of the steam contained in the gas introduced 
into the reformer to be about 2 to 3 times as large as the 
volume flow rate of the raw material gas. 
[0095] The raw material gas introduced into the re- 
former is reformed by the steam introduced into the re- 

25 former at 800 to 1 ,000 ? C together with the raw material 
gas in the presence of, for example, a nickel-based cat- 
alyst so as to form a synthetic gas containing mainly hy- 
drogen (H 2 ), carbon monoxide (CO) and carbon dioxide 
(C0 2 ). The synthetic gas has a hydrogen concentration 

30 higher than that required for hydrogen to react with car- 
bon monoxide to form methanol. 
[0096] The steam reforming reaction is an endother- 
mic reaction. Therefore, the reformer comprises a reac- 
tion tube loaded with a catalyst and a combustion device 

35 surrounding the outer surface of the reaction tube. A fuel 
gas and the air are introduced into the combustion de- 
vice to burn the fuel so as to heat the inner space of the 
reaction tube to, for example, 700 to 900*C. By supply- 
ing the reaction heat in this fashion, the steam reforming 

40 reaction is carried out efficiently. 

[0097] In the synthetic gas forming step, carbon diox- 
ide is recovered from the combustion waste gas gener- 
ated in the boiler for steam generation and from the com- 
bustion gas generated in the combustion device. The 

45 carbon dioxide thus recovered is utilized in a second re- 
action step of the methanol synthesizing process de- 
scribed hereinlater. A chemical absorption method us- 
ing in general an amine absorption liquid is employed 
for recovery of carbon dioxide from the waste combus- 

so tion gas. However, the carbon dioxide recovery method 
is not particularly limited in the present invention, as far 
as carbon dioxide can be recovered efficiently. 



55 



(2) Crude Methanol Synthesizing Step: 

[0098] The synthetic gas is forwarded from the syn- 
thetic gas forming step 201 shown in FIG. 5 to the meth- 
anol synth sizing step 202. In this step, the heat of the 
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synthetic gas is recovered by, for xample, a waste heat 
boiler, a moistening device or a heat exchanger, with the 
result that the synthetic gas is cooled to substantially 
room temperature. The steam contained in the synthetic 
gas is condensed in accordance with the temperature 5 
drop of the synthetic gas in the heat recovery process, 
and the condensed water is recovered for use as a mois- 
tening water in the moistening device and as water sup- 
plied to the boiler 

[0099] The synthetic gas cooled to room temperature to 
is compressed by a compressor to have a pressure of 
50 to 150 atmospheres and, then, preheated to, for ex- 
ample, 200 to 300°C. The preheated synthetic gas is 
supplied to the reactor loaded with a methanol synthe- 
sizing catalyst. Reactions (1) and (2) described previ- is 
ously are carried out in the reactor to synthesize meth- 
anol. In this step, the hydrogen concentration is higher 
than that required for hydrogen to react with carbon 
monoxide to manufacture methanol. In other words, by 
using a hydrogen-rich synthetic gas, the rate of heat 20 
genciation accompanying the methanol synthesizing 
reaction is moderated so as to suppress deactivation of 
tho catnlyst 

[01 00] It shculd be noted that impurities such as dime- 
thyl ether and cthanol arc formed by side reactions. 25 
Thoso impurittos and water are contained in the crude 
methanol together with the synthesized methanol. 
[0101] Tho methanol synthesizing catalyst consists 
of for example a copper-based catalyst. Particularly, it 
is desirable to use a methanol synthesizing catalyst ex- 30 
hibiting a high durability under an atmosphere contain- 
ing a high concentration of carbon dioxide. To be more 
specilic. it is desirable for the methanol synthesizing cat- 
alyst to consist of oxides of Cu, Zn, Al, Ga and M, which 
is at least one element selected from the alkaline earth 35 
metal elements and the rare earth elements, these Cu, 
Zn, Al. Ga and M being mixed at an atomic ratio of 100 : 
10 to 200 : 1 to 20 : 1 to 20 : 0.1 to 20. 



(3) Distilling Step: 



40 



[0102] The liquid crude methanol is forwarded from 
the methanol synthesizing step 202 shown in FIG. 5 to, 
for example, a distillation column of the distilling step 
203. The liquid crude methanol is distilled in the distilla- *s 
tton column so as to be separated into a refined meth- 
anol and the waste water containing low boiling point 
organic compounds and high boiling point organic com- 
pounds formed as by-products. The by-products con- 
tained in the waste water are discharged to the outside so 
of the system. 

[0103] In the methanol manufacturing process of the 
present invention, the methanol synthesizing step is 
performed in a first reaction step and a second reaction 
step. Specifically, in the first reaction step, the synthetic ss 
gas supplied through the synthetic gas supply passage- 
way is subjected to reaction in the presence of a meth- 
anol synthesizing catalyst, and the formed liquid crude 



methanol containing the unreacted gas is subjected to 
a gas-liquid separation. The liquid crude methanol ob- 
tained by the gas-liquid separation is recovered. On the 
other hand, the unreacted gas is compressed and, then, 
circulated to the synthetic gas supply passageway. At 
the same time, the unreacted gas is partly mixed with 
carbon dioxide and, as required, with carbon dioxide 
compressed to have a high pressure. The mixture is in- 
troduced into the second reaction step so as to be sub- 
jected to reaction in the presence of a methanol synthe- 
sizing catalyst, thereby forming a liquid crude methanol. 
[0104] It is possible for carbon dioxide to be supplied 
to the inlet of the first reaction step. The carbon dioxide 
recovered during the methanol manufacturing process, 
e.g., recovered from the combustion gases discharged 
from the boiler or from the combustion device of the re- 
former, can be used in the present invention. It is also 
possible to use carbon dioxide discharged as a waste 
material from another factory, etc. What should be noted 
is that carbon dioxide discharged as a waste material 
from another factory, etc. can be effectively utilized in 
the present invention as a raw material in the manufac- 
ture of methanol so as to decrease the amount of carbon 
dioxide discharged to the air atmosphere, which is an 
effective measure against warming of the earth. 
[0105] According to the third embodiment of the 
present invention described above, the methanol syn- 
thesizing process comprises the first and second reac- 
tion steps. In other words, the methanol yield can be in- 
creased by simply adding the second reaction step with- 
out markedly modifying the facilities for the methanol 
manufacture. 

[0106] To be more specific, a hydrogen-rich synthetic 
gas having a hydrogen concentration higher than that 
required for the reaction between hydrogen and carbon 
monoxide to synthesize methanol is supplied to the first 
reaction step through the synthetic gas supply passage- 
way so as to be subjected to the reaction to synthesize 
methanol in the presence of a methanol synthesizing 
catalyst. As a result, a liquid crude methanol containing 
the unreacted gas is formed while suppressing the heat 
generation accompanying the methanol synthesizing 
reaction and while suppressing the deactivation of the 
catalyst. Then, the liquid crude methanol containing the 
unreacted gas is subjected to a gas-liquid separation so 
as to recover the liquid crude methanol free from the 
unreacted gas. 

[0107] As described above, the unreacted gas has a 
hydrogen concentration higher than that required for hy- 
drogen to react with carbon monoxide to synthesize 
methanol. Therefore, the unreacted gas is compressed 
and, then, circulated to the synthetic gas supply pas- 
sageway and, at the same time, the compressed unre- 
acted gas is partly mixed with carbon dioxide, the mix- 
ture being introduced into the second reaction step. 
Therefore, reaction is carried out between hydrogen 
contained in the unreacted gas and carbon dioxide sup- 
plied to the second reaction step in the presence of the 
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methanol synthesizing catalyst. It follows that a crude 
methanol can also be formed in the second reaction 
step, making it possible to effectively utilize hydrogen 
contained in the unreacted gas and, thus, to increase 
the methanol yield. 5 
[0108] It should also be noted that the synthetic gas 
is diluted by the unreacted gas circulated to the synthetic 
gas. As a result, the heat generation rate in the step of 
the methanol synthesis is moderated so as to suppress 
deactivation of the methanol synthesizing catalyst. tc 
[0109] Further, carbon dioxide recovered from the 
waste combustion gas discharged from the boiler or the 
combustion device of the reformer can be supplied to 
the second reaction step together with the unreacted 
gas so as to decrease the amount of carbon dioxide dis- is 
charged from the methanol manufacturing plant. As a 
result, the methanol manufacturing plant is rendered ad- 
vantageous in economy when a tax or regulation of the 
carbon dioxide discharge are enforced in future. (Exam- 
ple 3) 20 
[01 10] In Example 3, a methanol manufacture accord- 
ing to a third embodiment of the present invention will 
be described specifically with reference to a methanol 
manufacturing plant shown in FIG. 6. 

[0111] As shown in the drawing, the methanol manu- 2$ 
facturing plant comprises a singe stage heat exchange 
type moistening device 210. Housed in the moistening 
device 210 are a loading layer 211 extending downward 
from the top portion of the moistening device 210 and a 
tube 21 2 arranged below the loading layer 211 for bring- 30 
ing the gas into contact with water by a wet wall system. 
A pump 21 4 for circulating water from the bottom portion 
of the moistening device 210 to the top portion of the 
moistening device 210 via a circulating water passage- 
way 21 3 is arranged below the moistening device 210. 35 
[01 12] A reformer 220 is arranged downstream of the 
moistening device 210 and connected to the moistening 
device 210 via a fluid passageway 230! . The reformer 
220 comprises a steam reforming reaction tube 221 and 
a combustion device 223 arranged to surround the outer 40 
surface of the reaction tube 221 and equipped with a 
preheating section 222. Loaded in the reaction tube 221 
is, for example, a nickel-based catalyst. The fluid pas- 
sageway 230-, is connected to the reaction tube 221 via 
the preheating section 222. Also, a carbon dioxide re- 45 
covery device 224 is connected to the preheating sec- 
tion 222 via a fluid passageway 230 2 . 
[0113] A first reaction apparatus 240 1 for synthesizing 
methanol is arranged downstream of the reformer 220 
and connected to the reformer 220 via a fluid passage- so 
way 230 3 . The first reaction apparatus 240j comprises 
a first pre-heater 241 -, and a first reactor 242, for syn- 
thesizing methanol. The synthetic gas coming from the 
first pre-heat r 241 n is supplied to the first reactor 243! 
via a first circulating passageway 242^ . Arranged in the ss 
first reactor 242^ is a methanol synthesizing catalyst 
consisting of oxides of Cu, Zn, Al, Ga and M, which is 
at least one element selected from the alkaline earth 
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metal elements and the rare earth elements, these Cu, 
Zn , Al, Ga and M being mixed at an atomic ratio of 1 00 ; 
10 to 200 : 1 to 20 : 1 to 20 : 0. 1 to 20. A reactor housing 
a triple tube as shown in FIG. 3 can be used as the first 
reactor 243 v A heat exchanger 251, a heat recovery 
device 252 and a first compressor 253 are mounted to 
the fluid passageway 230 3 interposed between the re- 
former 220 and the first pre-heater 241 in the orde r men- 
tioned as viewed from the reformer 220. That portion of 
the fluid passageway 230 3 which is interposed between 
the heat exchanger 251 and the heat recovery device 
252 extends through the tube 212 of the moistening de- 
vice 210. 

[0114] A distillation column 260 is arranged down- 
stream of the first reaction apparatus 240-, and is con- 
nected to the first reaction apparatus 240 y via a fluid 
passageway 230 4 . Incidentally, one end of the fluid pas- 
sageway 230 4 is connected to the bottom of the first re- 
actor 243 n . A first pre-heater 241 v a cooling device 271 
and a gas-liquid separator 272 are mounted to the fluid 
passageway 230 4 interposed between the first reactor 
243 n of the first reaction apparatus 240^ and the distil- 
lation column 260 in the order mentioned as viewed from 
the first reactor 243 v 

[0115] The gas-liquid separator 272 is connected to 
the fluid passageway 230 3 at the inlet of the first pre- 
heater 241 1 via a gas circulating passageway 273. A 
second gas compressor 274 is mounted to the gas cir- 
culating passageway 273. The gas circulating passage- 
way 273 is connected to a second reaction apparatus 
240 2 for synthesizing methanol via a branched fluid pas- 
sageway 230 5 . The carbon dioxide recovery device 224 
is connected to the fluid passageway 230 5 through a flu- 
id passageway 230 6 . Further, a third gas compressor 
275 is mounted to the fluid passageway 230 6 . 
[0116] The second reaction apparatus 240 2 compris- 
es a second pre-heater 241 2 and a second reactor 243 2 
for synthesizing methanol. A mixed gas consisting of the 
unreacted gas and carbon dioxide, coming from the sec- 
ond pre-heater 241 2 is supplied to the second reactor 
243 2 through a second circulating passageway 242^. 
Loaded in the second reactor 2432 is a methanol syn- 
thesizing catalyst consisting of oxides of Cu, Zn, Al, Ga 
and M, which is at least one element selected from the 
alkaline earth metal elements and the rare earth ele- 
ments, these Cu, Zn, Al, Ga and M being mixed at an 
atomic ratio of 100 : 10 to 200 : 1 to 20 : 1 to 20 : 0.1 to 
20. A reactor housing a triple tube as shown in FIG. 3 
can be used as the second reactor 243 2 . The bottom 
portion of the second reactor 2432 is connected to that 
portion of the fluid passageway 230 4 which is interposed 
between the first pre-heater 241 j and the cooling device 
271 through the fluid passageway 230 7 extending 
through the second pre-heater 241 2 . 
[0117] The methanol manufacturing plant shown in 
FIG. 6 is operated as follows for manufacturing metha- 
nol. 

[0118] In the first step, the preheated raw material gas 
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containing hydrocarbon as a main component is desul- 
furized in the desulfurizing device 276 and, then, sup- 
plied to the loading layer 211 in the top portion of the 
heat exchange type moistening device 210 through a 
fluid passageway 230 e . On the other hand, the pump s 
214 arranged below the moistening device 210 is oper- 
ated in advance to circulate water from the bottom por- 
tion of the moistening device 210 to the top portion of 
the moistening device 210 through the circulating water 
passageway 21 3 so as to moisten the raw material gas 10 
supplied to the top portion of the moistening device 210. 
To be more specific, the raw material gas is brought into 
contact with the water supplied from the circulating wa- 
ter passageway 21 3 in the loading layer 211 and, then, 
exchanges heat within the tube 212 with the synthetic *5 
gas of a high temperature supplied from the reformer 
220 so as to be heated and further moistened. 
[0119] The moistened mixed gas is supplied through 
the fluid passageway 230! into the steam reforming re- 
action tube 221 of the reformer 220. A required amount 20 
of the process steam is supplied to the moistened raw 
material gas through a fluid passageway 230 9 while the 
raw material gas flows through the fluid passageway 
230, and t then, the raw material gas is supplied to the 
reaction tube 221 through the preheating section 222 25 
positioned in the convection section of the reformer 220. 
The raw material gas containing hydrocarbon, e.g., 
methane gas, as a main component, which is supplied 
to the reaction tube 221 of the reformer 220, is subjected 
to steam reformation in the presence of a catalyst. As a 30 
result, the raw material gas is converted into a synthetic 
gas containing carbon monoxide, carbon dioxide and 
hydrogen. Since the steam reforming reaction is an en- 
dothermic reaction, a fuel gas and the air is supplied into 
the combustion device 223 of the reformer 220 so as to 3S 
burn the fuel and, thus, to heat the inner space of the 
reaction tube 221 to for example, 800 to 1 ,000°C. The 
waste combustion gas is supplied to the carbon dioxide 
recovery device 224 through the preheating section 222 
and the fluid passageway 230 2 so as to recover carbon 40 
dioxide. 

[0120] The synthetic gas formed in the reformer 220 
is supplied to the heat exchanger 251 through the fluid 
passageway 230 3 and exchanges heat with a boiler wa- 
ter circulating through a fluid passageway 230! 0 to gen- <*5 
erate steam of a high pressure. Then, the synthetic gas 
is supplied to the outer fluid passageway of the tube 2 1 2 
of the moistening device 210. The heat of the synthetic 
gas is partly recovered in the outer fluid passageway of 
the tube 212 so as to be utilized as a heat source ol the so 
moistening device 210. 

[0121] The synthetic gas coming from the tube 212 is 
supplied to tho heat recovery device 252 so as to be 
cooled to room temperature. In this step, the steam con- 
tained in the synthetic gas is condensed. The con- ss 
densed water is partly supplied to the circulating water 
passageway 213 of the moistening device 210 through 
a fluid passageway 230^ so as to be utilized for the 
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moistening of the raw material gas introduced into the 
moistening device 210. The remainder of the con- 
densed water flows through a fluid passageway 230, 2 
so as to be utilized as, for example, the process water. 
[0122] The synthetic gas from which the condensed 
water has been separated is supplied to the first com- 
pressor 253 through the fluid passageway 230 3 so as 
to be compressed to have a pressure adapted for the 
methanol synthesizing reaction, e.g., compressed to 50 
to 150 atmospheres. The compressed synthetic gas is 
supplied to the first pre -heater 241 , of the first reaction 
apparatus 240-, through the fluid passageway 230 3 so 
as to be preheated to a temperature adapted for the 
methanol synthesizing reaction, e.g., 200 to 300°C, and, 
then, further supplied to the first reactor 243, loaded 
with the methanol synthesizing catalyst through the first 
circulating passageway 242-,. Incidentally, the unreact- 
ed gas separated in the gas-liquid separator 272 de- 
scribed herein later is supplied to that portion of the fluid 
passageway 230 3 which is positioned upstream of the 
first pre-heater 241 1 so as to be mixed with the synthetic 
gas. The reactions (1 ) and (2) given previously are car- 
ried out in the first reactor 243, so as to synthesize meth- 
anol. It is desirable to use the reactor housing a triple 
tube as shown in FIG. 3 as the first reactor 243,. 
[0123] The gas formed in the first reactor 243, is sup- 
plied to each of the first pre-heater 241 , and the cooling 
device 271 through the fluid passageway 230 4 so as to 
be cooled to substantially room temperature. In this 
step, substantially all the methanol and water within the 
formed gas are condensed to form a liquid stream that 
flows into the gas-liquid separator 272. Within the gas- 
liquid separator 272, the unreacted gas is separated 
from the liquid crude methanol. 

[0124] The unreacted gas is forwarded into the sec- 
ond gas compressor 274 through the gas circulating 
passageway 273 so as to be compressed to have a high 
pressure. Then, the compressed unreacted gas is cir- 
culated to the fluid passageway 230 3 at the inlet of the 
first pre-heater 241 , so as to be supplied to the first re- 
actor 243, together with the synthetic gas. The unreact- 
ed gas is partly supplied to the second pre-heater 241 2 
of the second reaction apparatus 240 2 for synthesizing 
methanol through the fluid passageway 230 5 branched 
from the gas circulating passageway 273. At the same 
time, carbon dioxide is supplied from the carbon dioxide 
recovery device 224 to the fluid passageway 230 5 via 
the fluid passageway 230 6 mounted the third compres- 
sor 275. The compressed carbon dioxide supplied from 
the third compressor 275 to the fluid passageway 230 5 
is mixed with the unreacted gas, and the mixed gas is 
supplied to the second pre-heater 241 2 . The mixed gas 
is preheated within the second pre-heater 241 2 to a tem- 
perature adapted for the methanol synthesizing reaction 
and, then, supplied to the second reactor 2432 loaded 
with a methanol synthesizing catalyst through the sec- 
ond circulating passageway 242 2 . In the second reactor 
243 2 , carbon dioxide is mainly reacted with hydrogen to 
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synthesiz methanol. 

[01 25] Th unreacted gas is partly supplied as a 
purge gas from the circulating gas passageway 273 
through a fluid passageway 230 13 so as to be used as 
a fuel for heating the reaction tube 221 of the reformer 
220. 

[0126] The gas formed in the second reactor 243s 
flows through the fluid passageway 230 7 and cooled by 
the second pre-heater 241 2 mounted to the fluid pas- 
sageway 2307 and, then, supplied to the fluid passage- 
way 230 4 so as to be combined with the gas formed in 
the first reactor 243 v The formed gas is further supplied 
to the cooling device 271 through the fluid passageway 
230 4 so as to be cooled to substantially room tempera- 
ture. In this step, substantially all the methanol and wa- 
ter contained in the formed gas are condensed to form 
a liquid stream that flows into the gas-liquid separator 
272. Within the gas-liquid separator 272, the liquid 
stream is separated into a liquid crude methanol and the 
unreacted gas. As already described, the unreacted gas 
is circulated to the synthetic gas supplied to the first re- 
actor 243 1 , supplied to the second reactor 243 2 and 
used as a purge gas that is used as a fuel in the reformer 
220. 

[0127] On the other hand, the crude methanol sepa- 
rated in the gas-liquid separator 272 is supplied to the 
distillation column 260 through the fluid passageway 
230 4 so as to refined into methanol of a high purity. The 
high purity methanol is withdrawn as a product to the 
outside of the system. Also, the water containing small 
amounts of high boiling point organic compounds, or- 
ganic acids and traces of inorganic substances is dis- 
charged as a waste water to the outside of the system. 
[0128] In Example 3, the methanol synthesizing step 
comprises the first and second reaction apparatus 240 A 
and 240 2 . The unreacted gas separated from the gas 
formed in the first reaction apparatus 240, (and from the 
gas formed in the second react ion apparatus 240 2 ) is 
supplied to the second reactor 2432 of the second reac- 
tion apparatus 240 2 together with, for example, carbon 
dioxide recovered in the carbon dioxide recovery device 
224 for synthesizing methanol. What should be noted is 
that the methanol yield can be increased in Example 3 
by simply adding the second reaction apparatus without 
markedly modifying the methanol manufacturing plant. 
[0129] It should also be noted that the unreacted gas 
is circulated to the fluid passageway 230 3 positioned up- 
stream of the first pre-heater 241 n of the first reaction 
apparatus 240-, so as to dilute the synthetic gas flowing 
through the fluid passageway 230 3 . As a result, the rate 
of heat generation in the methanol synthesizing step in 
the first reaction apparatus 240 A can be moderated so 
as to suppress deactivation of the methanol synthesiz- 
ing catalyst loaded in the first reactor 243, . 
[0130] Further, carbon dioxide recovered from the 
combustion gas discharged from the combustion device 
22 of the reformer 220 (and/or from the boiler) can be 
supplied together with the unreacted gas to the second 



reactor 243 2 of the second reaction apparatus 240 2 so 
as to decrease the amount of carbon dioxide discharged 
from the methanol manufacturing plant to the outside. 
Naturally th methanol manufacturing plant is rendered 

s advantageous in economy when a tax or regulation of 
the carbon dioxide discharge is enforced in future. 
[0131] Further, it is desirable to use a catalyst exhib- 
iting a high durability when exposed to a synthetic gas 
containing a high concentration of carbon dioxide. In the 

10 case of using the particular catalyst, deactivation of the 
catalyst can be suppressed, making it possible to de- 
crease the amount of the catalyst loaded in the reactor. 
To be more specific, it is desirable for the methanol syn- 
thesizing catalyst to consist of oxides of Cu, Zn, Al, Ga 

is and M, which is at least one element selected from the 
alkaline earth metal elements and the rare earth ele- 
ments, these Cu, Zn, Al, Ga and M being mixed at an 
atomic ratio of 100 : 10 to 200 : 1 to 20 : 1 to 20 : 0.1 to 
20 .... 

20 [0132] Incidentally, it is also possible in Example 3 to 
supply carbon dioxide recovered from the combustion 
gas discharged from, for example, the combustion de- 
vice 223 of the reformer 220 (and/or from the boiler) to 
the fluid passageway 230 3 positioned upstream of the 

25 first pre-heater 241 , of the first reaction apparatus 240, . 
(Example 4) 

[0133] Another example of manufacturing methanol 
according to the third embodiment of the present inven- 
tion will be described in Example 4 with reference to FIG. 

30 7 showing the gist portion of the methanol manufactur- 
ing plant. The reference numerals commonly used in 
FIGS. 6 and 7 represent the same members of the plant 
and, thus, explanation thereof will be omitted in the fol- 
lowing description. 

35 [0134] Specifically, FIG. 7 shows that a distillation col- 
umn (not shown) is arranged downstream of the first re- 
action apparatus 240 1 for synthesizing methanol, and 
the first reaction apparatus 240 1 is connected to the dis- 
tillation column via a fluid passageway 230 14 . The first 

40 reaction apparatus 240-, comprises a first pre-heater 
241 } and a first reactor 243., . The synthetic gas coming 
from the first pre-heater 241 } is supplied to the first re- 
actor 243, through the first circulating passageway 
242! . A methanol synthesizing catalyst substantially 

45 equal in composition to that used in Example 3 is loaded 
in the first reactor 243 v The fluid passageway 230 14 
noted above is connected to the bottom portion of the 
first reactor 243 1 . The first pre-heater 241 , , the first heat 
recovery device 277 15 the first cooling device 27 1-, and 

50 the first gas-liquid separator 272 1 are mounted to the 
fluid passageway 230 14 between the first reactor 240 t 
and the distillation column in the order mentioned as 
viewed from the first reactor 243 1 . 
[0135] The first gas-liquid separator 272-, is connect- 

55 ed to the fluid passageway 230 3 , through which flows 
the synthetic gas, at the inlet of the first pre-heater 241 1 
through the gas circulating passageway 273. The gas 
circulating passageway 273 is connected to the second 



15 



BNSCOCID: <EP 1008577A1_L> 



29 EP 1 008 577 A1 30 



r actor 240 2 for synthesizing methanol through the 
branched fluid passageway 230 5 . A carbon dioxide re- 
covery device (not shown) is connected to the fluid pas- 
sageway 230 s through the fluid passageway 230 6 . Inci- 
dentally, a third gas compressor (not shown) is mounted 
to the fluid passageway 230 6 . 

[0136] The distillation column is arranged down- 
stream of the second reaction apparatus 240 2 and con- 
nected to the second reaction apparatus 240 2 through 
a fluid passageway 230! 5 . The second reaction appa- 
ratus 240 2 comprises a second pre-heater 241 2 and a 
second reactor 243 2 for synthesizing methanol. A mixed 
gas, consisting of the unreacted gas and carbon dioxide, 
coming from the second pre-heater 241 2 is supplied to 
the second reactor 243g through a second circulating 
passageway 242 2 . A methanol synthesizing catalyst 
substantially equal in composition to the catalyst used 
in Example 3 is loaded in the second reactor 2433. In- 
cidentally, the fluid passageway 230 15 is connected to 
the bottom portion of the second reactor 243 2 . The sec- 
ond pre-heater 241 2 , a second heat recovery device 
277 2: the second cooling device 271 2 , and the second 
gas-liquid separator 272 2 are mounted to the fluid pas- 
sageway 230! 5 interposed between the second reactor 
243 2 of the second reaction apparatus 240^ and the dis- 
tillation column in the order mentioned as viewed from 
the second reactor 243 2 of the second reaction appara- 
tus 240 2 . 

[0137] The methanol manufacturing plant shown in 
FIG. 7 is operated as follows for manufacturing metha- 
nol. 

[0138] Specifically, the synthetic gas compressed to 
have a high pressure as in Example 3 is supplied to the 
first pre-heater 241 , of the first reaction apparatus 240, 
for synthesizing methanol through the fluid passageway 
230 3 so as to be preheated to a temperature adapted 
for the methanol synthesizing reaction, e.g., 200 to 
300°C, and, then, supplied through the first circulating 
passageway 242 1 to the first reactor 243 n loaded with a 
methanol synthesizing catalyst. Incidentally, the unre- 
acted gas separated in the first gas-liquid separator 
272, is supplied through the gas circulating passage- 
way 273 to that portion of the fluid passageway 230 3 
which is positioned upstream of the first pre-heater 241 , 
so as to be mixed with the synthetic gas. The reactions 
(1) and (2) given previously are carried out in the first 
reactor 243, to synthesize methanol. 
[0139] The generated from the first reactor 243 A is 
supplied through the fluid passageway 230! 4 to each of 
the first pre-heater 241 1 , the first heat recovery device 
277! , and the first cooling device 271 n so as to be cooled 
to substantially room temperature. In this step, almost 
all the methanol and water contained in the gas formed 
in the first reactor 243, are cond nsed to form a liquid 
stream flowing into the first gas-liquid separator 272 v 
Then, the liquid stream is separated in the first gas-liquid 
separator 272, into a liquid crude methanol and the un- 
reacted gas. 



[0140] The unreacted gas is forwarded through the 
gas circulating passageway 273 into the second gas 
compressor 274 so as to be compressed to have a high 
pressure and, then, further circulated through the gas 
s circulating passageway 273 to fluid passageway 230 3 
at the inlet of the first pre-heater 241 v In this fashion, 
the unreacted gas is supplied together with the synthetic 
gas into the first reactor 243-,. 

[0141] The unreacted gas is partly supplied as a 
10 purge gas, the pressure of which is set lower than that 
within the first reactor 243, , into the second pre-heater 
241 2 of the second reaction apparatus 240 2 for synthe- 
sizing methanol through the fluid passageway 230 5 
branched from the gas circulating passageway 273. At 
is the same time, carbon dioxide is supplied from a carbon 
dioxide recovery device (not shown) to a third compres- 
sor (not shown) mounted to the fluid passageway 230 6 
so as to be compressed to have a high pressure and, 
then, supplied to the fluid passageway 230 5 and mixed 
20 with the unreacted gas. The mixed gas is further sup- 
plied to the second pre-heater 241 2 so as to be preheat- 
ed to a temperature adapted for the methanol synthe- 
sizing reaction. Then, the preheated mixed gas is sup- 
plied through the second circulating passageway 242 2 
2S to the second reactor loaded with a methanol synthesiz- 
ing catalyst. In the second reactor 243 2 , carbon dioxide 
mainly reacts with hydrogen to synthesize methanol 
[0142] The gas formed in the second reactor 243a is 
supplied through the fluid passageway 230 15 to each of 
30 the second pre-heater 241 2 , the second heat recovery 
device 277 2 and the second cooling device 271 amount- 
ed to the fluid passageway 230 1S so as to be cooled to 
substantially room temperature. In this step, almost all 
the methanol and water contained in the gas formed in 
35 the second reactor 2432 are condensed to form a liquid 
stream flowing into the second gas-liquid separator 
272 2 . The liquid stream is separated in the second gas- 
liquid separator 272 2 into a liquid crude methanol and 
the unreacted gas. The unreacted gas flows as a purge 
40 gas through the fluid passageway 230! 6 so as to be uti- 
lized as a fuel for heating, for example, the reformer. 
[0143] On the other hand, the crude methanol sepa- 
rated in the first and second gas-liquid separators 272, , 
272 2 is supplied to the distillation column (not shown) 
45 through fluid passageways 230 14 and 230 15 and, then, 
refined in the distillation column. The refined methanol 
of a high purity is withdrawn from the distillation column 
to the outside of the system. Also, water containing 
small amounts of high boiling point organic compounds, 
50 organic acids and traces of inorganic substances is dis- 
charged as a waste water to the outside of the system. 
[0144] The methanol manufacturing process for Ex- 
ample 4 produces effects similar to those obtained in 
Example 3. It should also be noted that, in Example 4, 
55 the pressure of the unreacted gas supplied as a purge 
gas from the first gas-liquid separator 272! to the sec- 
ond reaction apparatus 240 2 for synthesizing methanol 
through the gas circulating passageway 273 is set lower 
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than the pressure within the first reactor 243 r As a re- 
sult, it is possible to suppress the compressing pressure 
of carbon dioxide to a level lower than the pressure with- 
in the first reactor 243-, in the step of supplying the car- 
bon dioxide recovered in the carbon dioxide recovery 
device to the third compressor (not shown) mounted to 
the fluid passageway 230 6 and, then, to the fluid pas- 
sageway 230 5 . As a result, the compressing power can 
be made lower than that in Example 3. 
[0145] In Example 4, it is also possible to supply the 
carbon dioxide recovered from the waste combustion 
gas discharged from, for example, the combustion de- 
vice of the reformer (and/or boiler for steam generation) 
to the fluid passageway 230 3 positioned upstream of the 
first pre-heater 241 1 of the first reaction apparatus 240! 
[0146] Further, it is possible to compress the unreact- 
ed gas separated in the second gas-liquid separator 
272 2 in a fourth compressor 278 and, then, circulate the 
compressed unreacted gas to the fluid passageway 
230 5 through which flows a mixed gas consisting of the 
unreacted gas introduced from the first gas-liquid sep- 
arator 272! and carbon dioxide. 

[01 47] As described above, the present invention pro- 
vides a methanol manufacturing method, which permits 
effectively utilizing the excess hydrogen in the gas 
formed in the reformer so as to increase the methanol 
yield without bringing about deactivation of the methanol 
synthesizing catalyst in the methanol synthesizing step, 
which permits effectively utilizing carbon dioxide so as 
to decrease the amount of carbon dioxide discharged to 
the outside, and which further permits decreasing the 
amount of steam supplied from the outside to the re- 
former. 

[01 48] It should also be noted that the moistening de- 
vice consists of first stage and second stage moistening 
devices such that the waste water discharged from the 
distillation column is circulated to the first stage mois- 
tening device to which are supplied the raw material gas 
and carbon dioxide. As a result, the pH value of the 
waste water discharged from the distillation column is 
shifted toward the neutral or acidic side. It follows that 
the metal member of the first stage moistening device 
is prevented from being corroded by the alkali contained 
in the waste water discharged from the distillation col- 
umn. In other words, the waste water discharged from 
the distillation column can be utilized effectively. 
[01 49] What should also be noted is that the methanol 
synthesizing process comprises the first reaction step 
and the second reaction step. In other words, the meth- 
anol yield can be increased by simply adding the second 
reaction step without markedly modifying the methanol 
manufacturing facilities. 

[0150] Further, the recovered carbon dioxide can be 
utilized for synthesizing methanol at a low reaction pres- 
sure in the second reaction step so as to decrease the 
compressing power of carbon dioxide. 



Claims 

1. A method of manufacturing methanol, character- 
ized by comprising the steps of: 

5 

supplying a raw material gas containing hydro- 
carbon as a main component and steam into a 
reformer (20), said raw material gas being sup- 
plied into said reformer (20) through a moisten- 

10 ing device (10), to carry out reaction between 

said hydrocarbon and steam to form a synthetic 
gas containing as main components hydrogen, 
carbon monoxide, and carbon dioxide; 
performing reaction of said synthetic gas in the 

15 presence of a methanol synthesizing catalyst 

to synthesize a crude methanol; and 
distilling a liquid crude methanol recovered in 
said synthesizing process to separate the 
crude methanol into a waste liquid material and 

20 a refined methanol, said waste liquid material 

containing low boiling point organic compounds 
and high boiling point organic compounds, 

wherein carbon dioxide is supplied to at least 
25 one fluid passageway selected from the group con- 
sisting of a fluid passageway (30 6 ) positioned up- 
stream of said moistening device (10) and another 
fluid passageway (30 n ) interposed between the 
moistening device (10) and said reformer (20). 

30 

2. The method of manufacturing methanol according 
to claim 1 , characterized in that said moistening de- 
vice includes a first stage moistening device (10^ 
and a second stage moistening device (10 2 ) ar- 

35 ranged downstream of the first stage moistening 
device (10.,) and upstream of the reformer (20) such 
that the waste liquid material recovered in the dis- 
tilling process is supplied to a circulating water pas- 
sageway of the first stage moistening device (10^, 

40 and a raw material gas containing hydrocarbon as 
a main component and carbon dioxide are supplied 
to a fluid passageway (30 6 ) positioned upstream of 
the first stage moistening device (10^. 

45 3. The method of manufacturing methanol according 
to claim 2, characterized in that an additional carbon 
dioxide is supplied to at least one fluid passageway 
selected from the group consisting of a fluid pas- 
sageway (30! 9 ) interposed between the first and 

so second moistening devices (10! and 10 2 ) and an- 
other fluid passageway (30i) interposed between 
the second stage moistening device (10 2 ) and the 
reformer (20). 

55 4. The method of manufacturing methanol according 
to claim 1 , characterized in that the step of synthe- 
sizing the crude methanol is carried out by using a 
reaction apparatus comprising a reactor (101) ver- 
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tically partitioned by two partition plates (102 and 
103) into three chambers consisting of a synthetic 
gas supply chamber (104), a cooling medium circu- 
lating chamber (105) and a residence chamber 
(106) of the methanol-containing gas and a triple 
pipe (110) extending through the two partition plates 
(1 02 and 1 03) and consisting of an outer pipe (1 07), 
an intermediate pipe (108) and an inner pipe (109) 
that are concentrically arranged such that the upper 
end of the intermediate pipe (108) is positioned low- 
er than the upper end of the outer pipe (107), that 
the lower end of the inner pipe (109) is positioned 
in a central portion of the intermediate pipe (108), 
that the inner pipe (109) alone is open in the upper 
end of the triple pipe (110), and that an annular 
space is formed between the intermediate pipe 
(108) and the outer pipe (107) in the lower end of 
the triple pipe (110), the methanol synthesizing cat- 
alyst being loaded in the annular space. 

5. The method of manufacturing methanol according 
to claim 1 , characterized in that the methanol syn- 
thesizing catalyst consists of oxides of Cu, Zn, Al, 
Ga and M, which is at least one element selected 
from the alkaline earth metal elements and the rare 
earth elements, these Cu, Zn, Al, Ga and M being 
mixed at an atomic ratio of 1 00 : 1 0 to 200 : 1 to 20 : 
1 to 20: 0.1 to 20. 

6. The method of manufacturing methanol according 
to any one of claims 1 to 5, characterized in that 
said carbon dioxide to be supplied is carbon dioxide 
recovered from at least one of the combustion gas 
for heating the reformer (20) and the combustion 
gas of the boiler for steam generation. 

7. A method of manufacturing methanol, character- 
ized by comprising the steps of: 

supplying a raw material gas containing hydro- 
carbon as a main component and steam into a 
reformer (220) for the reaction to generate a 
synthetic gas containing as main components 
hydrogen, carbon monoxide and carbon diox- 
ide; 

performing reaction of the synthetic gas in the 
presence o1 a methanol synthesizing catalyst 
to synthesize a crude methanol; and 
distilling a liquid crude methanol recovered 
from the methanol synthesizing step to sepa- 
rate the crude methanol into a refined methanol 
and a waste liquid material containing low boil- 
ing point organic compounds and high boiling 
point organic compounds, 
wherein said methanol synthesizing step com- 
prises a first reaction step and a second reac- 
tion step, reaction of the synthetic gas supplied 
through a synthetic gas supply passageway 



(230 3 ) being carried out in the first reaction step 
in the presence of the methanol synthesizing 
catalyst, and 

wherein the formed liquid crude methanol con- 
5 taining unreacted gas is separated into a gas- 

eous portion and a liquid portion, the liquid 
crude methanol is recovered, the unreacted 
gas is compressed and recycled to the synthet- 
ic gas supply passageway (230 3 ), and a part of 
10 the compressed unreacted gas is mixed with 

carbon dioxide, and the mixed gas is introduced 
into the second reaction step so as to carry out 
the reaction of the mixed gas in the presence 
of the methanol synthesizing catalyst to form a 
15 crude methanol. 

8. The method of manufacturing methanol according 
to claim 7, characterized in that said synthetic gas 
contains hydrogen in a concentration higher than 

20 that required for synthesizing methanol by the reac- 
tion with carbon monoxide. 

9. The method of manufacturing methanol according 
to claim 7, characterized in that an additional carbon 

25 dioxide is supplied to the inlet port of the first reac- 
tion step. 

10. The method of manufacturing methanol according 
to claim 7, characterized in that at least one reaction 

30 step selected from the first reaction step and the 
second reaction step is carried out by using a reac- 
tion apparatus comprising a reactor (101 ) vertically 
partitioned by two partition plates (1 02 and 103) into 
th ree chambers consisting of a synthetic gas supply 

35 chamber (1 04), a cooling medium circulating cham- 
ber (105) and a residence chamber (106) of the 
methanol-containing gas and a triple pipe (110) ex- 
tending through the two partition plates (102 and 
1 03) and consisting of an outer pipe (1 07), an inter- 

40 mediate pipe (108) and an inner pipe (109) that are 
concentrically arranged such that the upper end of 
the intermediate pipe (108) is positioned lower than 
the upper end of the outer pipe (107), that the lower 
end of the inner pipe (109) is positioned in a central 

45 portion of the intermediate pipe (108), that the inner 
pipe ( 1 09) alone is open in the upper end of the triple 
pipe (110), and that an annular space is formed be- 
tween the intermediate pipe (108) and the outer 
pipe (107) in the lower end of the triple pipe (110), 

50 the methanol synthesizing catalyst being loaded in 
the annular space. 

11. The method of manufacturing methanol according 
to claim 7, characterized in that the methanol syn- 

55 thesizing catalyst consists of oxides of Cu, Zn, Al, 
Ga and M, which is at least one element selected 
from the alkaline earth metal elements and the rare 
earth elements, these Cu, Zn, Al, Ga and M being 
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mixed at an atomic ratio of 1 00 : 1 0 to 200 : 1 to 20 : 
1 to 20: 0.1 to 20. 

12. The method of manufacturing methanol according 
to any one of claims 7 to 11, characterized in that 5 
said carbon dioxide to be supplied is carbon dioxide 
recovered from at least one of the combustion gas 
for heating the reformer (220) and the combustion 
gas of the boiler for steam generation. 

10 
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